Background: Stroke is a multifactorial disorder, the most common cause being arterial occlusion. Transcranial Doppler Ultrasonography (TCD) is a common non-invasive method available for assessment the arterial blood flow of the brain. Objective: Assessment the hemodynamic parameters of cerebral arteries, using TCD device in patients suffering ischemic stroke.
Introduction
orldwide the cerebral arterial disease is the second leading cause of mortality and disability (1) . Annually 3.29 persons per 1000 suffer stroke (2) , which include intracranial hemorrhage and cerebral infarction (3) .
Intracranial atherosclerosis results in cerebral arterial disease, which is responsible for 8% to 10% of ischemic strokes and increasing the risk of recurrent stroke by 15% in a year. Atherosclerotic lesions at the bifurcation site of common carotid artery, proximal part of internal carotid artery, and also proximal part of vertebral artery are known as the sources of embolus and consequently embolic stroke (4, 5) . Emboli originating from heart and also small vessels disease are two other important causes of ischemic stroke (6, 7) .
Currently, one of the medical challenges in treatment of ischemic stroke with thrombolytic agent to re-canalize cerebral arteries is its reversal effect as persistence or worsening of present neurological deficit or onset of new symptom. Ischemic stroke falls in a range from spontaneous recovery to worsening of arterial supply including spontaneous thrombolysis, arterial re-stenosis, spreading of the clots, and creating collateral arteries. Recognizing each of these events, if treatment is required, is possible through serial assessments (8) . Digital subtraction angiography, Computed Tomography (CT) -Angiography and Magnetic Resonance Angiography (MRA) are useful methods for imaging of cerebrovascular anatomy and assessment of the collateral blood flow in acute stroke (9, 10 ). Yet, in some centers and hospitals, these techniques may not be easily available immediately following admission of patients with acute stroke. More importantly, successive assessments using these methods may be hard or also impossible for patients due to escalating costs. Accordingly, using these techniques for careful monitoring of dynamic changes in cerebral vasculature maybe extremely difficult in practice (10, 11) . Transcranial Doppler Ultrasounography (TCD) is a non-invasive and reliable method for assessment of blood flow in the basal intracerebral arteries, which adds physiological data to anatomic images. TCD can provide the easiest method for vascular assessment in clinical settings. TCD is considered as an appropriate option in terms of easy access for patient, patient comfort, sequential assessment, and even continuous monitoring, and occasional rapid and emergency assessment of patterns and status of cerebral blood flow. Considering emphasis on the need for determining prevalence of hemodynamic abnormalities in cerebral blood flow in various communities and regions (12) , it was decided to study the prevalence of impaired hemodynamic parameters of cerebral arteries, as displayed by Spectral Waveform Doppler Ultrasonography in patients with ischemic stroke in an area in the North of Iran, in order to present numerous applications of cerebrovascular sonography in management of patients with cerebrovascular diseases.
Materials and Methods
This descriptive cross-sectional study was conducted on patients with ischemic stroke attending an academic hospital in Guilan Province in the North of Iran in 2014. Before enrolling the patients in the study an informed consent was obtained from the patients or their legal responsible. The proposal of this project was approved by the ethic committee of Researches and Technology Vicechancellorship of Guilan University of Medical Science.
The diagnosis of stroke was made by one neurologist and Doppler untrasonography by another expert one. Ischemic stroke was diagnosed according to usual clinical criteria and imaging. TCD device named Looki 2 TC (Atys Medical Company, France) was used. Doppler ultrasound was performed in a period of 48 hours to one week after onset of symptoms. Patients with less than 48 hours since the onset of stroke, those in a seriously critical conditions, and also non-cooperative patients, and those with poor windows for observation of waveforms of cerebral arteries blood flow were excluded from the study.
Patients' demographic data obtained from their records, together with TCD data including Peak Systolic Velocity (PSV), Mean Blood Flow Velocity (Vm), and Pulsatility Index (PI) were recorded. PSV more than 125 cm/sec in internal carotid artery, and also Vm and PI of intracranial arteries outside normal range indicate impaired arterial hemodynamic parameters, which express a kind of abnormality. Normal values of PI for intracranial arteries range from 0.85 to 1.1 (13 Also the following values of hemodynamic parameters presented in table 2 and table 3 were used for detection of serious stenosis of intra-and extra-cranial arteries (14). After performing TCD for every participant, Vm and PI of each intracranial artery and PSV of internal carotid artery were determined. Given diagnostic criteria explained in previous sections, either patient did not have any pathological findings, or he/she had one or a few problems diagnosed, including extracranial stenosis (ECS), intracranial stenosis (ICS), or small vessel disease (SVD). Rarely, they were putted in the miscellaneous group including arteriovenous malformation, anemia, and heart failure based on clinical assessment and other diagnostic methods.
Data obtained data were statistically analysed in SPSS software version 21 using independent t-test, Chi-square, and Fisher's exact tests. Also the quantitative data were presented as Mean ± SD and frequency.
Results
A total of one hundred two patients (69 men and 33 women) with ischemic stroke and mean age of 63.72±12.64 years were enrolled in this study.
At least one hemodynamic abnormality was diagnosed in 49.02% of patients (n = 50). Accordingly, SVD was found in 29.41% of patients (n = 30) (high PI in all arteries), ECS in 20.59% (n = 21) (with moderate proximal stenosis of internal carotid), and ICS in 11.76% (n = 12) of them (ten cases had Vm greater than normal, and two cases had PI higher than normal in one intracranial artery) Miscellaneous condition was found in only one patient.
Abnormal PI, PSV and Vm were reported in 32.25% (n = 33), 20.59% (n = 21) and 9.8% (n = 10) of patients respectively. Overall, 37 patients had disorders in one parameter, 12 patients in two, and one patient in three parameters. Abnormal PI includes high PI in all arteries indicating SVD (29.41%, n = 30), high PI in one artery indicating stenosis in one of the intracranial arteries (2%, n = 2) and PI less than normal range in all arteries, indicating inadequate blood supply to brain (0.98%, n = 1). The latter case was reported involving by heart failure according to patient history. No case with PI less than normal range in one artery was observed. The Vm greater than normal range was found in 9.8% (n = 10) of patients with intracranial stenosis, and no cases of low Vm was reported in this study.
Of the twenty-one patients with ECS, seven subjects showed right internal carotid stenosis, seven cases, had left internal carotid stenosis and the other cases demonstrated bilateral internal carotid stenosis. Thirteen cases were symptomatic in the side of the stenosis. Table 4 presents the prevalence of stenotic intracranial arteries as following: According to Chi-square and Fisher's exact tests, among all hemodynamic parameters, gender distribution showed a significant relationship only with abnormal PSV, which was more prevalent in men ( 26.1% of men vs. 9.1% of women; p = 0.047). Also, ECS was also significantly more prevalent among men rather than women (p = 0.047). The other vascular abnormalities were prevalent in men as same as women (p > 0.05)
In assessment of age distribution, independent t-test showed a significant relationship between involvement of small vessels and age (mean age of 69.53±11.07 years in SVD patients vs. 61.29±12.53 years in non -SVD patients (p = 0.002) (Diagram 1), While no other relationship was found between other types of vascular involvement and aging Similarly, PI abnormality was also significantly related to age, the mean age of patients with abnormal PI was 68.12±12.42 years and of whom with normal PI was estimated as 61.61±12.28 years (p = 0.014), but other hemodynamic parameters had no significant relationship with age.
Diagram 1:
The relationship between small vessels disease and age ( p = 0.002).
Discussion
In TCD exam of predisposed subjects to stroke or stroke patients, abnormal increasing of the internal carotid artery PSV indicates serious atherosclerotic stenosis at bifurcation of common carotid artery or at the beginning of internal carotid artery. Abnormal increase in PI in all intracranial arteries in patients with normal consciousness indicates SmallVessel Disease (SVD), while such an increase in only one artery suggests the downstream stenosis in that artery. Reduction of PI in one artery indicates upstream stenosis, and in all arteries suggests arteriovenous malformation or reduced blood supply to the brain. Abnormal increase in Vm of one artery denotes downstream stenosis, and abnormal decrease in Vm of one artery shows upstream stenosis (13, 15) .
The present study was conducted on one hundred two ischemic stroke patients with the following results: Of fifty patients that showed abnormal TCD results, 30 had SVD (high PI in all arteries). As discussed earlier, lacunar stroke is one of the most common types of stroke and comprises 20% of all stroke cases (7). Lyrer et al. also found 45% of their patients with this form of stroke; of course they studied only the patients with arterial occlusion in the territory of Middle Cerebral Artery (MCA) (16) . Whatever in the present study, SVD was found in 30% of patients; considering that ischemic lacunar infarction is associated with SVD (17, 18) . This result agrees with high PI in a large proportion of patients in the present study. The notable point of these results is that this type of stroke does not have so many presentations in some imaging methods such as brain Computed Tomography, while TCD produces an acceptable accuracy. In short, the most common pathologic finding in the present study patients using TCD was SVD. These patients also are at the risk of recurrence of ischemic stroke. This risk can be largely reduced by controlling hypertension and the other risk factors (7) .
Twenty-one patients had ECS with moderate grade stenosis of proximal internal carotid artery (ICA), which meant filling of 50% to 69% of ICA cross section by atheroma. Of the 21 patients with ECS, 7 had right internal carotid stenosis, 7 had left internal carotid stenosis, and the next seven subjects had bilateral internal carotid stenosis, and in total, thirteen of them were symptomatic in the territory of involved artery and eight cases were asymptomatic. A study revealed that although carotid occlusion is the most common cause of TIA (19) , it can cause ischemic stroke in 10% of cases (7). This figure is close to the present study finding that 20% of patients had serious atherosclerotic carotid stenosis, which was probably associated with symptoms in 13% of patients.
Twelve patients had ICS which 10 patients of them had high Vm in one artery, 2 had high PI in one intracranial artery, and one had low PI in all arteries, the latter one indicating inadequate blood supply to the brain, which was due to heart failure. In the present study, no low VM cases were found. In their study on MCA, Lyrer et al. found significant differences between symptomatic and asymptomatic patients. Yet, in a 30-day assessment following stroke, 17 out of 22 patients had either high Vm (above 90 cm/sec), which showed stenosis of the MCA trunk (16) . It is important to identify intracranial atherosclerosis (ICS), since, annually, 10% to 15% of these patients, like ECS, have recurrent stroke (7) . In the present study, gender distribution based on study parameters showed only higher PSV of internal carotid artery in men. Accordingly, ECS was also significantly more prevalent in men. Furthermore small vessel stenosis clearly more occurred among elders. In other words, SVD was significantly related to mean age of participants. This was also true about PI, so that those with abnormal PI were older. In fact, PI indicates the resistance of arterial endings, and its increasing suggests increased arterial resistance, for instance following atherosclerosis, lipohialinosis and vasoconstriction, and also its decrease is observed in vasodilatation following reduced perfusion, for instance in arterial aneurysms (20) . Overally, it is clear that arterial atherosclerosis is age-dependent, and increases with aging (21, 22) . Considering that small vessel resistance occurs often in such diseases (17, 18) , increased PI according to age can be well-explained. SVD is caused by a kind of pathological change called lipohilinosis and also atherosclerosis and its risk factors include hypertension and age. These two changes can cause thrombosis and arterial occlusion. Of course embolus formation is the third occlusion mechanism in SVD, which is responsible for about 20% of strokes (6, 7) .
Finally it must be concerned that the limitation of this study was its timeconsuming process. This diagnostic method takes at least an hour for each patient. Some patients were found to have poor acoustic windows after spending a lot of time, and were excluded accordingly.
Conclusion
According to Spectral Waveform Doppler Ultrasonography results, half of the patients with ischemic stroke were found to have at least a kind of hemodynamic abnormality with etiology of stroke, so that secondary prevention was to be designed accordingly. Also as the only neuro-sonologic method, TCD can be considered as a screening tool for assessment of stroke patients.
